cDNAs specific to vegetal poles of Xenopus gastrula embryos were used as a probe to screen a gastrula vegetal pole cDNA library. One of the novel clones isolated had an RNA expression pattern consistent with it being a component of germ plasm and it was thus named Xpat (Xenopus primordial germ cell associated transcript). The open reading frame encodes a 35 kDa protein with no clear homologies. The RNA is localised to the vegetal pole throughout oogenesis and early cleavage. During gastrulation cells containing this message move internally and at tailbud stages they migrate in an antero-dorsal direction. Xpat mRNA is not detectable once the dorsal mesentery forms. We show that the 3′-UTR is required and is sufficient for localisation of exogenous RNA to the vegetal pole of oocytes. We propose that Xpat UTR-containing transcripts can be localised by the Vg1 or late pathway of mRNA localisation during stage III of oogenesis, but endogenous Xpat appears to be localised earlier by a mitochondrial cloud mechanism similar to that proposed for Xcat-2.
Introduction
The localisation of mRNAs and proteins to a specific region of a cell is an important mechanism of gene control, which has been most studied during development, where these molecules can act as determinants of differentiation and morphogenesis. In the early development of Drosophila localised determinants include mRNAs and proteins for anterior-posterior, dorsal-ventral and pole cell specification (St Johnston and Nusslein Volhard, 1992; Singer, 1993; Micklem, 1995; St Johnston, 1995; Grunert and St Johnston, 1996; Williamson and Lehmann, 1996) .
One particularly extensively studied cytoplasmic determinant is the pole plasm of Drosophila. This cytoplasm contains granular electron dense structures, ribosomes and mitochondrial aggregates (Smith and Williams, 1975) . Many molecules have now been identified that contribute to this germ plasm in Drosophila and most are also involved in the specification of the abdominal axis (St Johnston and Nusslein Volhard, 1992) . One mRNA, oskar, has been shown to be a key component because ectopically localising it to the anterior pole leads to germ plasm assembly and the formation of functional ectopic pole cells, as well as a duplicated posterior axis (Ephrussi and Lehmann, 1992) .
The Xenopus vegetal pole contains a region which appears structurally very similar to Drosophila pole plasm (Smith and Williams, 1975) . As in Drosophila, there is a considerable amount of evidence that this germ plasm is causative in primordial germ cell (PGC) formation (Akita and Wakahara, 1985; Ikenishi et al., 1986; Ikenishi and Tsuzaki, 1988) . However, the correct location of these germ plasm-containing cells is also a prerequisite for the correct formation of PGCs and, unlike other Xenopus tissues at the gastrula stage, they are not irreversibly determined (Cleine and Dixon, 1985; Wylie et al., 1985; Ikenishi and Tsuzaki, 1988) In Xenopus the germ plasm is thought to originate in the mitochondrial cloud of early oocytes (Heasman et al., 1984) . This cloud breaks up during oogenesis and by stage III is localised to the vegetal cortex, where it remains until egg activation, becoming granular. Upon egg activation, the islands of germ plasm aggregate further and then ingress into the cleavage planes (Ressom and Dixon, 1988; Savage and Danilchik, 1993) . The germ plasm remains in the four most vegetal cells of the 32-cell embryo and it is asymmetrically partitioned during cleavage, thus remaining in a small number of 'founder' cells (Ressom and Dixon, 1988 ) that remain in the vegetal pole until gastrulation (Heasman and Wylie, 1983) . At this point they increase in number as they are carried internally. The PGCs remain in the endoderm until tailbud stages and then migrate through the endoderm first laterally, then dorsally and anteriorly, eventually migrating through the dorsal mesentery and into the genital ridges (Heasman and Wylie, 1983) .
During oogenesis a variety of messages are localised to the vegetal pole, where the germ plasm originates. There appear to be two mechanisms by which this is achieved, one involving the mitochondrial cloud, resulting in localisation reminiscent of the germ plasm (Kloc et al., 1993; Forristall et al., 1995; Kloc and Etkin, 1995; Zhou and King, 1996a) , while the other is a mechanism employed later in oogenesis (Kloc et al., 1993; Kloc and Etkin, 1995; Zhou and King, 1996b) . The latter occurs in stage III oocytes, distributing messages to a wider cortical disc at the vegetal pole and at maturation these mRNAs are released and diffuse internally more generally through the vegetal pole. An example of a transcript localised by this pathway is Vg1 (Melton, 1987) , a well characterised maternal mRNA, thought to be important in inducing the overlying cells of the marginal zone to become mesoderm, although this has yet to be proved (Dale et al., 1993; Kessler and Melton, 1994; Vize and Thomsen, 1994) . A recently cloned T family member, shown to be important for mesoderm, and possibly also endoderm formation, has also been shown to localise in a manner suggesting that it uses the Vg1 pathway (Lustig et al., 1996; Stennard et al., 1996; Zhang and King, 1996; Horb and Thomsen, 1997 ).
An earlier mechanism initially involves localisation to the mitochondrial cloud of stage I oocytes. During stage I, transcripts accumulate in the mitochondrial cloud (Kloc and Etkin, 1995) , different transcripts taking up different positions within it (Forristall et al., 1995; Kloc and Etkin, 1995) . The cloud then flattens and takes up a more vegetal position, becoming anchored in the vegetal cortex at stage II. Transcripts that localise by this pathway appear to anchor to the vegetal pole in a sequential manner, giving the appearance of layers (Kloc and Etkin, 1995) . However, by stage III the appearance of these layers has gone. Transcripts thought to be components of germ plasm and also Xwnt11, a signalling molecule, have been shown to be localised by this earlier mechanism (Kloc et al., 1993; Mosquera et al., 1993; Kloc and Etkin, 1995; ) In this paper we describe a novel mRNA which behaves in a way consistent with it being a component of the Xenopus germ plasm and we show that its localisation in oogenesis depends on sequences in the 3′-UTR.
Results

Cloning of Xpat
In order to identify vegetally localised transcripts after genome activation at MBT, we adopted a subtractive hybridisation approach followed by the polymerase chain reaction (PCR) which both normalises products as well as suppressing amplification of the undesired sequences, in this case sequences common to the vegetal pole and animal pole. Briefly cDNA was made from Xenopus stage 10.5 gastrula animal caps and vegetal poles, linkers were added to RsaI-digested cDNA, followed by hybridisation between cDNA from animal caps and vegetal poles, which then allowed exponential PCR amplification of those cDNAs in the vegetal, but not in the animal poles (Lukyanov et al., 1994; Diatchenko et al., 1996) . This amplified vegetal-specific cDNA was used to probe a stage 10.5 vegetal pole cDNA library. Of the clones analysed, approximately 40% contained various lengths of a cDNA subsequently named Xpat. Since the original clone was only 2 kb in length and contained no ORF, it was used to isolate longer clones from a whole embryo stage 10.5 cDNA library, the longest one obtained being 4 kb. Xpat transcripts are present only in cDNA from vegetal poles, and the subtraction procedure greatly increased the relative amount of Xpat in this fraction (data not shown).
Northern blot analysis revealed only a single band of 4 kb ( Fig. 1) , suggesting the cDNA insert was at or near full length. RNA from dissected stage 10.5 embryos showed that Xpat is detectable only in vegetal poles. Because the samples were equalised for rRNA input the vegetal sample should contain proportionately far more Xpat mRNA than whole embryos, which is why at stage 10.5 and later Xpat is difficult to detect in whole embryo samples. At stage 10.5 reverse transcriptase-PCR (RT-PCR) gives a more comparable signal with the egg. It is clear that after fertilisation some Xpat is lost and the only way to reconcile the Northern and RT-PCR data is to suggest that some becomes more heterogeneous in size, for example by cleavage of the long 3′-UTR or variation in poly(A) length. The fact that Xpat is expressed at highest levels in unfertilised eggs suggests that the transcript persists from the maternal pool throughout development without zygotic transcription.
Xpat is a novel clone with a predicted protein sequence of 303 amino acids, and a molecular weight of 35 kDa. It has no convincing homology to any proteins of known function in the databases. The PSORT analysis (Ogiwara et al., 1996) predicted a 45% chance that the protein was cytoplasmic and a 44% chance it was in a microbody (peroxisome). Fig. 2 shows the nucleotide sequence and predicted encoded amino acids. In the 3′-UTR, database searching shows that there are regions that appear in the X. borealis cytoskeletal actin mRNA, the X. laevis cerberus 3′-UTR and the 3′-UTR of a X. laevis Vh-VI gene for Ig heavy chain (shown underlined in Fig. 2 ). These repeat sequences appear on both plus and minus strands of Xpat and are discontinuous. In no case have the repeats been shown to have a function. Extensive comparisons between the 3′-UTRs of other vegetally localised RNAs, namely Xpat, Xcat-2, Xlsirts and Vg1, revealed only limited regions of homology (see below). Furthermore, the consensus sequence found among localised transcripts in Xenopus and Drosophila (Gottlieb, 1992) , and the binding sites for proteins required for Vg1 RNA localisation (Mowry, 1996) , were not found in Xpat. Three of the repeat sequences found in the Vg1 3′-UTR that bind VERA protein and are required for Vg1 RNA localisation (Deshler et al., 1997) were also not present in Xpat. However, the repeat sequences, E2 and E2-like, were found three and four times, respectively (double-underlined in Fig. 2 ). Deletion of the E2 sequences from the localisation element in Vg1 completely abolished localisation, whereas deletion of the other repeat sequences impaired localisation (E1 and E4) or had no effect (E3) (Deshler et al., 1997) . One E2-like sequence appears in the ORF and another is located far away from the cluster of the others, which are all located in the proximal 1 kb of the 3′-UTR. Xcat-2 contains three E2-like sequences but, like Xpat, E1, (Bassez et al., 1990) . Fig. 2 . Xpat cDNA sequence. The Xpat cDNA is approximately 4 kb long, which is consistent with the northern analysis. Regions underlined contain sequences also present in the X. borealis cytoskeletal actin, and in the 3′-UTRs of X. laevis cerberus and a Vh-VI Ig heavy chain gene. Homology is discontinuous and present on sense and antisense strands. The polyadenylation signal is shown in bold. E2 sequences (TTCAC) are bold and double-underlined; E2-like sequences (TTGCAC) are double-underlined. E3 and E4 are absent. The significance of an E2 and/or E2-like sequence in the absence of the other repeat sequences is unknown.
Xpat is found at the vegetal pole until gastrulation and then in migrating presumptive primordial germ cells (PGCs)
To analyse the expression pattern of Xpat further, in situ hybridisation was performed with an antisense probe made from the last 2 kb of the 3′-UTR. A sense probe was used to test for hybridisation specificity at equivalent stages and no staining was seen (not shown). During oogenesis, Xpat expression resembles Xcat-2 and Xlsirts (Fig. 3A-D) , also thought to be components of germ plasm, and Xwnt11, a signalling molecule (Forristall et al., 1995; Kloc and Etkin, 1995) . At no stage did we detect deep Xpat staining within the oocyte, rather it always appeared on the surface of the oocyte in a disc shape (see also below; Fig. 5A ). It has been reported that the transcripts localised by the mitochondrial cloud pathway take up a position close to the vegetal pole within the cloud and once the oocytes have reached 230 mm in size (Fig. 3B-D) , the mitochondrial cloud appears as a flattened disc like structure at the vegetal pole (Kloc and Etkin, 1995) . We have also performed whole-mount in situs with an Xcat-2 probe from a clone that was obtained in this screen and found a similar pattern to Xpat. Our in situs are also very like those previously reported (Kloc and Etkin, 1995) . Although we could not detect the usually clearly distinguished mitochondrial cloud, even under phase contrast, it was probably obscured by the fact that the hybridisation was very heavy and was to the cloud itself, indicating that like Xcat-2 and Xlsirts, Xpat is present in the mitochondrial cloud. In this case Xpat is like Xlsirts (Fig. 3B-D) in covering the entire cloud area, unlike Xcat-2 which stains only a ring around the outside of the disc (Kloc and Etkin, 1995) .
Xpat remains in a disc at the vegetal pole throughout oogenesis (see Fig. 3D for stage III oocytes). The disc shaped staining pattern persists into eggs and early cleavage embryos, but becomes much more granular in appearance (Fig. 3E-F) . This is strikingly similar to Xcat-2 and Xcat-3, as well as lmtrRNA (Forristall et al., 1995; C.H., unpublished) ; the last is also believed to be a germ plasm component (Kobayashi et al., 1994) . However, unlike other germ plasm clones reported so far, expression of Xpat persists through gastrulation, until tadpole stages (Fig. 3) . Cells expressing Xpat become internalised during gastrulation (Fig. 3G) , where they remain through neurula stages (Fig.  3H) until tailbud (Fig. 3I ). The cells containing Xpat then move dorsally and come to lie in the dorsal-most endoderm (Fig. 3J-L) . Once located in the dorsal most part, the signal from Xpat mRNA is greatly diminished (stage 40; Fig. 3L ) and is lost after this, when the cells are in the mesentery. Therefore cells that express Xpat behave in a manner entirely consistent with that reported for PGCs (Heasman and Wylie, 1983) . From the dorsal region of the endoderm we therefore believe that these cells will migrate through the dorsal mesentery, once formed, and thence into the genital ridges.
Sections reveal clearly where Xpat is located. During oogenesis, the localisation is as a very tight disc at the vegetal pole (see Fig. 5 ). At blastula stage 9 (Fig. 4A) , only a small number of cells at the vegetal pole contain Xpat transcripts, consistent with the lack of PGC division between MBT and gastrulation (Kobayashi et al., 1994) . These cells increase in number and invaginate during gastrulation (Fig. 4B) , remaining in the endoderm mass through neurulation (Fig. 4C) until tailbud stages. During stage 36 the cells move laterally (Fig. 4D) and then dorsally and anteriorly at stage 38 (Fig. 4E-F) . They remain seated in the most dorsal endoderm until stage 40, when expression of Xpat ceases, before PGCs enter into the dorsal mesentery.
The 3′-UTR is necessary and sufficient for vegetal pole localisation
To investigate the localisation of Xpat to the vegetal pole in oogenesis we chose an assay, first used for Vg1, similar to that used previously to look for localisation of various injected messages (Yisraeli and Melton, 1988) . Targeting of mRNA to the vegetal pole has been shown to depend on localisation signals in the 3′-UTRs of Vg1 (Mowry and Melton, 1992; Mowry, 1996) and Xcat-2 (Zhou and King, 1996a) and in the repeated region of Xlsirts, which have no ORF (Kloc et al., 1993) . It has been found that Xcat-2 localises to the vegetal pole independently of the mitochondrial cloud in stage III oocytes, apparently by using the Vg1 or late pathway (Zhou and King, 1996a,b) . Moreover, the sequence elements required to localise via either pathway map to the same region of 3′-UTR, although a more extensive region is required for mitochondrial cloud localisation (Zhou and King, 1996a,b) . Since it is technically easier to study stage III oocytes, we analysed Xpat localisation in oocytes at this stage.
To investigate the role of the 3′-UTR of Xpat, we made transcripts containing a small region of the lacZ coding sequence as a tag. This 300 bp tag was fused with the ORF and UTR of Xpat, or just with the UTR or the ORF (Fig. 5B) . Capped RNAs made from these constructs were injected into stage III oocytes, which were cultured for 4-5 days in conditions that allowed the oocytes to grow (Yisraeli and Melton, 1988) . Localisation was assayed by in situ hybridisation using antisense DIG labelled lacZ tag RNA. Fig. 5Ai shows endogenous Xpat mRNA localised to a small cortical disc at the vegetal pole. Injected mRNAs containing both Xpat ORF and UTR localise efficiently to the vegetal pole (Fig. 5Aii) ; the 3′-UTR alone is also sufficient to direct localisation to the vegetal pole (Fig. 5Aiii) . Transcripts containing only the ORF and tag, however, failed to localise and the message appears randomly distributed throughout the oocyte (Fig. 5Aiv) . This was not due to message instability, as the message was readily detected throughout the oocyte by in situ hybridisation. The UTR-containing injected transcripts, unlike endogenous Xpat, localise in a broader domain than germ plasm at the vegetal pole, appearing much like Vg-1, as was reported for injected Xcat-2 (Zhou and King, 1996b) . We therefore propose that Xpat, as well as Xcat-2, can localise via the Vg1 pathway. Furthermore, like Vg-1, Xpat was unable to localise at the vegetal pole by stage VI (not shown). The sectioned oocytes (Fig.  5A (ii, iii) also appear strikingly similar to Xombi (Lustig et al., 1996) , another gene proposed to localise to the vegetal pole via the Vg1 pathway.
When the constructs containing the UTR or the ORF plus UTR were injected in three separate experiments, localisa- tion was seen in all instances. The ORF alone gave no localisation of injected RNA.
We have also co-injected the ORF/3′-UTR construct with Xpat mRNA capable of efficient translation into Xpat protein (this mRNA had only globin untranslated regions). The Xpat protein had no effect on localisation of the Xpat ORF/ 3′-UTR (not shown).
Discussion
Xpat is a novel germ plasm and PGC mRNA
We report here the cloning of a novel vegetal pole cDNA, named Xpat. In the egg it shows an in situ hybridisation pattern identical to mitochondrial rRNA (not shown), a marker of germ plasm. Histological and antibody staining of germ plasm has been used to follow the primordial germ cells as they migrate through the endoderm, then through the mesentery and into the germ ridges (Heasman and Wylie, 1983) . Xpat staining behaves in entirely the same way, positive cells appearing like the primordial germ cells throughout all of their migratory phase until hybridisation ceases at the time when PGCs enter the mesentery. Xpat encodes a novel protein with no significant homologies to proteins of known function in the databases.
Xpat mRNA is detected in oocytes from the earliest stages studied (stage I, 100 mm), where it is associated with the vegetal pole. In oocytes the in situ patterns are like those of RNAs that localise through processes involving association with the mitochondrial cloud in the stage I oocyte, that is Xlsirts, Xcat-2 and Xwnt-11 (Forristall et al., 1995; Kloc and Etkin, 1995) . It becomes localised to the vegetal cortex and remains there, becoming more granular by egg and early cleavage stages. After fertilisation Xpat-containing structures progressively fuse, as has been described for the germ plasm, defined by staining of mitochondria (Savage and Danilchik, 1993) . Cells inheriting Xpat remain localised at the vegetal pole until gastrulation, when they move inside and remain in the endodermal mass until tailbud stages. From here they migrate laterally (stage 35-36) and then dorsally (stage 38), eventually reaching the most dorsal part of the endoderm. Xpat transcripts can no longer be detected once the PGCs have moved into the mesentery. Germ plasm is no longer detectable at stage 41, just before the formation of the dorsal mesentery (Heasman and Wylie, 1983) . This coincides precisely with the stage that Xpat can no longer be detected by in situ hybridisation, but the functional significance of either observation is unknown. It could be that the Xpat mRNA itself has a structural role in the germ plasm; however, there is no doubt that establishing the distribution of the protein that it encodes will be crucial in delineating the role of the Xpat gene. Experiments to clarify this issue are currently under way.
The Xpat 3′-UTR is required and sufficient to localise messages via the late oocyte pathway
The 3′-UTR has been shown to be required for localisation of every spatially restricted maternal mRNA that has been studied (St Johnston, 1995) . We have shown that the 3′-UTR of Xpat is both required and sufficient for the localisation of exogenous transcripts to the vegetal pole. In these experiments we, like others, have investigated localisation after injection into stage III oocytes; at this stage we believe that the injected transcripts used the Vg1 transport pathway, because they appeared to be localised in a broad, Vg1-like distribution and cortical localisation occurred only at stages where the Vg1 cortical pathway has been shown to be active, that is not at stage V or VI (Yisraeli and Melton, 1988) . Xcat-2 is also capable of being localised in a manner consistent with the use of this pathway; furthermore, Xcat-2 localisation in these oocytes depends on microtubules, just like Vg1 (Zhou and King, 1996b) . It will therefore be interesting to determine whether Xpat too depends on microtubules for this latter localisation. Since disruption of Xlsirts, prevents the localisation of Vg1, but not Xcat-2, which appears to localise before Xlsirts in the hierarchy (Kloc and Etkin, 1995; Kloc and Etkin, 1994) , it will be important to establish if the disruption of Xlsirts also prevents the localisation of exogenous Xpat in stage III oocytes, as their predicted use of the Vg1 pathway would suggest. It is also imperative to determine whether destruction of Xpat affects the localisation of other transcripts and, if so, where Xpat fits in the hierarchy of localisation proposed by Kloc and Etkin (1995) .
It is very interesting to find in the Xpat 3′-UTR certain of the repeat sequences (E2 and E2-like) that are known to be necessary for the vegetal localisation of Vg1 mRNA via the endoplasmic reticulum-associated protein VERA (Deshler et al., 1997) . Even so, it is intriguing that there are such limited regions of homology among these vegetal transcripts which localise so similarly. Either the sequence elements in the 3′-UTR recognised by the localisation pathway depend mainly on secondary structure or each mRNA interacts with different proteins. In Drosophila the former hypothesis is easier to envisage, indeed localisation of oskar and bicoid mRNAs both require Staufen, which has been shown to bind directly to bicoid RNA, its secondary structure being particularly important (Ferrandon et al., 1994 (Ferrandon et al., , 1997 .
Experimental procedures
Biological materials
Embryos and oocytes were cultured, dissected and microinjected by standard methods (Wilson et al., 1986 : Richardson et al., 1995 . For localisation experiments the oocytes of albino Xenopus were cultured in medium supplemented with frog serum rich in vitellogenin (Yisraeli and Melton, 1988; Zhou and King, 1996b) .
Construction of libraries and subtracted probe
Poly(A)
+ RNA was purified from total RNA extracted (Richardson et al., 1995) from 600 dissected stage 10.5 vegetal poles and 200 whole-stage 10.5 embryos using oligo d(T) chromatography. Unidirectional cDNA libraries were constructed using the ZAP-cDNA Gigapack III Gold Cloning kit (Stratagene), according to the manufacturer's manual.
To make the subtracted probe, poly(A) + RNA was purified from total RNA, extracted from 600 animal and vegetal poles, using the Poly-A-Tract mRNA isolation system IV (Promega) according to the manufacturer's protocol. This RNA was used in a subtractive hybridisation using the Clontech PCR-Select cDNA Subtraction Kit. The protocol recommended was followed with the following changes: all PCRs were carried out with the Expand Long Template PCR System (Boehringer Mannheim); the primary PCR was carried out with an annealing temperature of 58°C rather than the 68°C recommended. To prepare a probe for screening the libraries, the resulting cDNA mixture was labelled with [a-32 P]dGTP by random hexamer priming.
Library screening and sequencing of clones
Libraries were plated to a density of 1-2 × 10 5 on 20-cm 2 plates. Plaque lifts were probed overnight in 0.5 M phosphate buffer (pH 6.8), 50 mM EDTA, 7% SDS. Plaques were purified by re-screening of each positive plaque until pure. High-stringency (65°C) hybridisation was used, with washes (50 mM phosphate buffer, pH 6.8, 1% SDS) at the same temperature for several hours.
To obtain the full length sequence a stage 10.5 whole embryo library, made alongside the vegetal pole library, was screened with the initial partial clone. Positives were re-screened by PCR to find the longest insert, using primers to the furthest 5′ region of the partial cDNA and a primer to the T3 polymerase binding sequence of pBluescript.
Sequencing of overlapping nested deletions (Nested deletion kit, Pharmacia) was carried out using Sequenase version 2.0 (Amersham). Both strands were sequenced.
In situ hybridisation
We used both wild-type and albino embryos from which membranes were removed either manually with forceps, or enzymatically (Islam and Moss, 1996) . Embryos were fixed in MEMFA (0.1 M MOPS, pH 7.4, 100 mM EGTA, 1 mM MgSO 4 , 4% formaldehyde) and in situ hybridisation was carried out essentially as described by Harland (1991) . The initial cDNA clone of Xpat, containing 2 kb of the 3′-UTR in pBluescript (KS), was linearised with EcoRI and transcribed with T7 polymerase using a DIG RNA Labelling Kit (Boehringer Mannheim). The hybridised embryos were sectioned at 10-20 mm after embedding in Paraplast (Sigma).
RNA analysis
Total RNA was extracted from Xenopus embryos as described previously (Richardson et al., 1995) . Northern blots were performed according to standard protocols and probed as for library screens. Total RNA from 8 vegetal poles, 4 animal caps, 2 equatorial regions and 2 whole embryos was used for each lane in order to equalise rRNA input for dissections.
RT-PCR was performed as described by Hudson et al. (1997) using 23 cycles. The primers were: upstream 5′-GCTGTGTCCGATGTAATG-3′; downstream 5′-GCT-GCTCTGCTATGTGAT-3′.
Construction of Xpat RNA expression plasmids for injected RNA localisation experiments
Constructs containing the Xpat open reading frame were generated by PCR amplification of the ORF, UTR and ORF plus UTR using Expand Long Template polymerase (Boehringer Mannheim). Primers used for the ORF contained BglII sites enabling the resulting PCR fragments to be digested and cloned into the BglII site of pSPJC2L (Cook et al., 1993) . There was also a BglII site in the upstream primer used to make the UTR. The other primer used for this fragment contained the T7 site, present in pBS at the 3′ end of the cDNA clone. Digestion of the PCR product with BglII and XhoI generated the 3′-UTR, which was directionally cloned into the BglII and XhoI sites of pSPJC2L. Since digestion of pSPJC2L with XhoI and BglII removes the bglobin 3′-UTR, this was replaced with the Xpat 3′-UTR. The ORF plus UTR construct was made in a similar way, using the upstream ORF primer.
The lacZ tag was approximately 300 bp of the lacZ ORF with no in frame stop codons. The primer sequences were: upstream 5′-gcgcggatccTGCGGCGAGTTGCGTG-ACTAC-3′; downstream 5′-gccgagatctTGCAGAGGAT-GATGCTCGTGAC-3′. They contained small anchors and a BamHI site on the upstream primer and a BglII site on the downstream primer (shown in lower case). This allowed cloning into the pSPJC2L BglII site, retaining only one BglII site, to allow the cloning in of the ORF. For the two constructs containing the UTR, the tag was simply cloned into the BglII site retained after the initial cloning.
The clones were linearised with XhoI, transcribed with SP6 polymerase (mMessage mMachine kit, Ambion) and the capped RNA was dissolved in water for injection into stage III-IV oocytes.
